Numerous earlier studies on various light-producing species have suggested a relation between luminescence and fiavin compounds,1-8 although it has not been demonstrated heretofore that the enzymatic oxidation of reduced flavins by luminous bacterial extracts will result in luminescence. From the similar kinetics of light emission when either flavin mononucleotide (FMN= riboflavin phosphate) or reduced diphosphopyridin nucleotide (DPNH2=reduced coenzyme I) was the last factor added to luminous bacterial extracts,9 it seemed probable that the sole function of DPNH2 in luminescence was to produce reduced flavin, and, further, that reduced flavin might be considered as bacterial luciferin. Because of technical difficulties in handling reduced flavins these compounds were not used in earlier studies on the extracted cell-free luminescent system from bacteria. We can now report that either reduced riboflavin or reduced flavin mononucleotide will support the luminescence of Achromobacter fischeri extracts in the absence of added DPNH2.
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For the experiments reported here Achromobacter fischeri was grown and 5 per cent extracts prepared according to the method of Strehler and Cormier.5" 0 Riboflavin and flavin mononucleotide were obtained from Merck and Company and Sigma Chemical Company, respectively, and were used in concentrations of about 100 Ag./ml. These compounds were reduced in a stream of catalytically purified hydrogen in the presence of platinized asbestos. For visual qualitative experiments the 2-chamber "A tubes" described earlier'1 were used (modified to filter off the platinized asbestos). When the reduced favin compounds, filtered free of platinized asbestos, were mixed anaerobically with the enzyme through which hydrogen had been passed, a dim flash of luminescence (probably due to traces of oxygen) occurred, which soon disappeared. However, on aerating the tube, a bright light of about 20 seconds duration appeared. 13 Quantitative light determinations were made and the time course of the reaction studied with a simple rapid mixing stop-flow method. Light output was measured with a 1P21 photomultiplier under DC operation, and recorded photographically from a cathode ray oscillograph. The flavin compounds employed for the quantitative experiments were reduced in a stoppered centrifuge tube and removed from the tube with a 1-ml. hypodermic syringe after centrifuging down the catalyst. Figure  1 contains photographic oscilloscope tracings of the time course of luminescence when reduced riboflavin and reduced flavin mononucleotide were added rapidly to the enzyme in the presence and absence of decaldehyde (10 ;Lg./ml).12 A much weaker luminescence appeared without decaldehyde. Plots of the complete kinetic curves indicate a more rapid rise and a more rapid decay of luminescence in the presence of decaldehyde for both reduced riboflavin and reduced flavin mononucleotide oxidation.
V.
.._ _._ We. Approximately 5 mg./50 ml. of riboflavin or FMN were reduced with H2 + platinized asbestos, 0.2 ml. drawn into a syringe and mixed rapidly with 0.2 ml. of a 5 per cent cell-free aqueous extract of luminous bacterial powders (centrifuged).
(a) RFH2 + (enzyme + 50 -sg. decaldehyde), sensitivity (relative) of light-measuring equipment = 0.6; "1/2 rise time" = 0.20 sec.
(b) RFH2 + enzyme; relative sensitivity 19; "1/2 rise time" = 0.27 sec. It has been observed5' 8 that the presence of oxidized riboflavin actually inhibits the luminescence of bacterial extracts when DPNH2 is added. This inhibitory effect of riboflavin on bacterial extract luminescence is probably due to its competitive interaction with flavin mononucleotide at the site of -the latter's reduction, rather than in the light-emitting step. It also seems likely that reduced flavin mononucleotide enters closely into the light-emitting reaction, since the "1/2 rise-time" is of the same order of magnitude as the rate of increase of luminescence when oxygen and long-chain aldehydes are added. That the strong light-quenching effects of dilution of the bacterial extracts may be due to the competition of nonenzymatic auto-oxidation of flavin also seems to be indicated. Finally, in view of the above findings and the well-known fact that flavin compounds are fluorescent and can be made chemiluminescent,7 it would seem likely that bacterial luciferin is reduced flavin mononucleotide. Enzymologia, 1, 328-340 (1937) . 2 Doudoroff, M., Ibid., 5, 239-243 (1938) .
3 Komarek, J., and Wenig, K., Vstnik. csl. Spolec. Nauk., Article 12, 1-12 (1938). 4Johnson, F. H., and Eyring, H., J. Am. Chem. Soc., 66, 848 (1944) . 5 Strehler, B. L., and Cormier, M. J., Arch. Biochem. and Biophys., 47, 16-33 (1953) . 6 McElroy, W. D., Hastings, J. W., Sonnenfeld, V., and Coulombre, J., Science, 118, 385 (1953) . 7Strehler, B. L., and Shoup, C. S., Arch. Biochem. and Biophys., 47, 8-15 (1953) . 8 Ball, E. G., and Ramsdell, P. A., J. Am. Chem. Soc., 66, 1419 Soc., 66, (1944 . 9 Strehler, B. L., and Cormier, M. J., Arch. Biochem. and Biophys. (1953) (in press). 10 Strehler, B. L., J. Am. Chem. Soc., 75, 1264 Soc., 75, (1953 . 1 Harvey, E. N., Biol. Bull., 51, 89-97 (1926) . 12 Cormier, M. J., and Strehler, B. L., J. Am. Chem. Soc., 75, 4864 (1953) . 13 It might be argued that reduced flavin mononucleotide, when added to bacterial extracts plus aldehyde, merely reduces some other compound in the extract ("luciferin") which is actually the light emittor. That this is not the case is indicated by adding reduced 2,6-disodium anthraquinone sulfonate, which is harmless for luminous bacteria (Harvey, J. Gen. Physiol., 13, 13-20, 1929) , and which has a redox potential at pH 7 = -0.220. The addition does not result in luminescence of the extract. However, when flavin mononucleotide is first added to the bacterial extract plus palmitaldehyde, followed by the reduced anthraquinone, a bright luminescence appears when the mixture is aerated. It has also been determined that when reduced lumichrome ( The infrared spectra of amides in solution have been the subject of several previous investigations. Nevertheless, in connection with a systematic study of peptides and related substances, it has seemed desirable to make a quantitative reinvestigation of some of these spectra with the greatly improved instrumental facilities now available. The grating spectrometer employed was used under conditions such that water vapor lines separated by 3 cm.-1 were well resolved so that no correction need be made for slit width in intensity measurements. Great precautions were taken in stray light corrections.
